Nigericin insensitive post-illumination reduction in fluorescence yield in Dunaliella tertiolecta (chlorophyte).
Cells of the green alga Dunaliella tertiolecta grown in a light/dark cycle were exposed to high light for about 15 min. In light, energy-dependent quenching reduced fluorescence emission and decreased PS II efficiency. Within 3 minutes after darkening fluorescence quenching largely relaxed. However, PS II fluorescence emission decreased again after further darkening. Fo and Fm decreased to the same relative extent and the PS II efficiency was not reduced. This Reduction in Fluorescence yield in Darkness, termed RFD for the purpose of this paper, lasted about 20 min. The deepoxidation state of xanthophylls remained unchanged during and after the 15-min exposure to high light. We show that RFD is insensitive to the uncoupler nigericin and thus unrelated to energy-dependent quenching. RFD correlated with a reduction of the PQ pool after darkening and low levels of far red or blue light (430 nm more than 460 nm) prevented RFD. This is in contrast to observations in higher plants, where a post-illumination reduction of the PQ pool causes and increase in Fo (Groom et al. (1993) Photosynth Res 36: 205-215). Changes in the adenylate energy charge were not correlated with RFD. Antimycin A and cyanide, both inhibitors of the PQ-oxidase, caused an increase in RFD whereas SHAM, an inhibitor of the chloroplastic glycolate-quinone oxidoreductase, caused a decrease. Low CO2 concentrations, known to increase the oxygenase activity of Rubisco and to generate glycolate and P-glycolate in light, caused an increase in RFD. We propose that accumulated glycolate and P-glycolate reduce the PQ pool in darkness, leading to the formation of RFD. During RFD, 77 K fluorescence emission from PS II was more reduced than that from PS I, thus resembling a state I, state II transition. However, the reduction in fluorescence yield during RFD is much larger than the reduction previously attributed to state transitions and it is unclear whether RFD and state transitions are identical. The formation and relaxation of RFD increased with higher temperatures and the extent of RFD was largest at the growth temperature (25°C). RFD has to be taken into account when fluorescence is measured after darkening as it may be mistaken for energy-dependent quenching.